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Dredging  Research 

T echnical  Notes 


Numerical  Disposal  Modeling 
Purpose 

This  technical  note  presents  the  status  of  a  personal  computer  (PC)  ver¬ 
sion  of  numerical  disposal  models  for  predicting  the  short-term  fate  of 
dredged  material  placed  in  open  water.  This  PC  version  is  an  update  of 
an  earlier  release,  and  this  technical  note  replaces  the  earlier  Technical 
Note  DRP-1-02,  which  should  be  discarded. 
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The  original  disposal  models  were  developed  under  the  Dredged  Mate¬ 
rial  Research  Program.  Two  of  the  models  were  developed  by  Brandsma 
and  Divoky  (1976)  to  handle  both  instantaneous  dumps  and  continuous 
discharges.  The  models  were  based  on  work  by  Koh  and  Chang  (1973). 

A  third  model  that  utilized  features  of  the  two  earlier  models  was  con¬ 
structed  to  handle  a  semicontinuous  disposal  operation  from  a  hopper 
dredge. 

These  models  are  known  as  DIFID  (Disposal  From  an  Instantaneous 
Dump),  DIFCD  (Disposal  From  a  Continuous  Discharge),  and  DIFI  ID  (Dis¬ 
posal  From  a  Hopper  Dredge).  Applications  of  the  DIFID  model  include 
Trawle  and  Johnson  (1986a,b)  and  Adamcc  and  others  (1987).  A  user's 
guide  was  provided  by  Johnson  (1990).  Features  of  these  models  have 
been  incorporated  into  a  PC-based  model  called  STFATE  (Short-Term 
FATE),  which  simulates  the  initial  placement  processes  associated  with  a 
single  disposal  operation  from  either  a  split-hull  barge  or  a  hopper  dredge. 
Previously,  STFATE  was  referred  to  as  SSTFATE  (Single  Operation  Short- 
Term  FATE). 

Additional  Information 


Contact  the  authors.  Dr.  Billy  H.  Johnson,  (601)  634-3425,  and  Dr.  Paul 
R.  Schroeder,  (601)  634-3707,  or  the  manager  of  the  Dredging  Research  Pro¬ 
gram,  Mr.  F..  Clark  McNair,  Jr.,  (601)  634-2070,  for  additional  information. 
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Need  for  Short-Term  Fate  Model 


Regardless  oLthc  location  or  character  of  a  disposal  site,  an  integral 
part  of  tire  problem  of  assessing  the  environmental  impact  of  open-water 
placement  operations  is  the  ability  to  determine  the  spatial  and  temporal 
distribution  of  the  dredged  material  following  its  discharge  into  the  water. 
The  description  of  the  fate  of  material  discharged  requires  a  model  of  con¬ 
siderable  generality  and  complexity.  The  disposal  site  environment  may 
include  time-dependent  currents  that  vary  significantly  in  three  dimen¬ 
sions,  density  stratification,  and  variable  depths.  The  material  itself  may 
be  a  composite  ranging  from  slow-settling  extremely  fine  particles  to  fast¬ 
falling  coarse  particles  and  may  include  a  soluble  fraction.  All  of  these 
and  many  other  factors  contribute  to  the  complexity  of  modeling  the  physi¬ 
cal  fate  of  dredged  material.  In  addition  to  providing  water  column  con¬ 
centrations  of  suspended  sediment  and  the  soluble  fraction,  initial  deposi¬ 
tion  patterns  are  provided  by  the  short-term  fate  model  for  input  to  long¬ 
term  sediment  transport  models  to  address  site  capacity  questions.  Water 
column  concentrations  of  the  soluble  fraction  are  used  either  to  provide 
maximum  concentrations  outside  designated  disposal  sites  and  mixing 
zones  or  to  compute  mixing  zones  and/or  zones  of  initial  dilution  as  re¬ 
quired  in  Section  103  of  the  Marine  Protection  Research  and  Sanctuary  Act 
and  Section  401  and  404(b)(1)  of  the  Clean  Water  Act  regulating  the  water 
quality  impacts  from  disposal  in  the  waters  of  the  United  States. 


Processes  Modeled 


The  behavior  of  the  placed  material  is  assumed  to  be  separated  into 
three  phases:  convective  descent,  during  which  the  dump  cloud  or  dis¬ 
charge  jet  falls  under  the  influence  of  gravity;  dynamic  collapse,  occurring 
when  the  descending  cloud  impacts  the  bottom  or  reaches  a  neutrally 
buoyant  position  in  the  water  column;  and  long-term  passive  dinusion, 
commencing  when  the  material  transport  and  spreading  are  determined 
more  by  ambient  currents  and  turbulence  than  by  the  dynamics  of  the 
placement  operation. 

Whether  disposal  is  from  a  split-hull  barge  or  a  hopper  dredge,  based 
upon  visual  observations  from  laboratory  tests,  the  material  descends 
through  the  water  column  as  a  jet  that  is  usually  composed  of  "globs"  of 
material  of  varying  characteristics.  During  the  convective  descent  phase, 
the  disposal  jet  grows  as  a  result  of  entrainment.  Depending  upon  the  na¬ 
ture  of1  the  disposal  material  in  the  vessel,  movement  of  the  disposal  ves¬ 
sel  or  ambient* currents  at  the  disposal  site,  and  stratification  of  the  water 
column,  a  small  portion  of  the  extremely  fine  fraction  may  be  stripped 
from  the  jet  and  become  trapped  in  the  upper  portion  of  the  water  col¬ 
umn.  In  the  latest  PC  model  STFATK,  this  behavior  is  simulated  by  repre¬ 
senting  the  disposal  jet  as  a  series  of  converting  clouds.  Each  cloud  is 
characterized  by  its  size,  density,  location,  and  the  types  and  concentra¬ 
tions  of  solids  contained  within  the  cloud.  As  each  converting  cloud 
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descends  through  the  water  column,  fine  material  may  he  stripped  from 
the  main  cloud,  This  behavior  is  simulated  through  the  concept  of  small 
Gaussian  clouds.  In  100  ft  of  wafer,  the  convective  descent  phase  for  typi¬ 
cal  material  from  maintenance  dredging  is  completed  in  a  few  seconds 
after  dumping. 


Eventually,  the  material  reaches  either  the  bottom  or  a  neutrally  buoy¬ 
ant  position  in  the  water  column.  The  vertical  motion  is  arrested,  and  a 
dynamic  spreading  or  collapse  in  the  horizontal  plane  occurs.  When  the 
rate  of  horizontal  spreading  or  vertical  collapse  in  the  dynamic  collapse 
phase  becomes  less  than  an  estimated  rate  of  change  due  to  turbulent  dif¬ 
fusion,  the  collapse  phase  is  terminated  and  the  long-term  transport  diffu¬ 
sion  begins.  During  collapse,  laboratory  experiments  show  that  fine  mate¬ 
rial  tends  to  be  lost  to  the  water  column  above  the  collapsing  cloud.  As 
these  particles  are  left  behind  the  main  body  of  material,  they  are  stored 
in  small  clouds  that  arc  assumed  to  have  a  Gaussian  distribution  in  the 
same  manner  as  the  material  stripped  during  convective  descent.  The 
small  clouds  are  then  adverted  horizontally  by  the  imposed  current  field. 
In  addition,  the  clouds  grow  both  horizontally  and  vertically  as  a  result  of 
turbulent  diffusion.  Since  settling  of  the  suspended  solids  occurs  at  each 
grid  point  if  the  bottom  shear  stress  does  not  excess  the  critical  shear 
stress  for  deposition,  the  amount  of  solid  material  deposited  on  the  bot¬ 
tom  and  a  corresponding  thickness  are  determined.  The  model  assumes 
that  no  subsequent  erosion  of  material  from  the  bottom  occurs. 


During  the  transport-diffusion  phase,  advection  of  the  small  Gaussian 
clouds  over  variable  bathymetry  and  through  a  spatially  varying  velocity 
field  is  allowed.  Options" for  the  velocity  field  include  a  vertically  aver¬ 
aged  flow  field  as  well  as  a  vertical  profile  reflecting  highly  stratified  flow 
conditions.  Output  of  water  column  concentrations  at  a  particular  depth 
is  obtained  by  superposition  of  the  individual  clouds.  Solid  boundaries  as 
well  as  the  surface  are  treated  as  reflection  boundaries. 


Limitations  of  Existing  Model 


ST  FATE  requires  that  the  dredged  material  be  broken  into  various  solid 
fractions  with  a  settling  velocity  specified  for  each  fraction.  In  many 
cases,  a  significant  portion  of  the  material  falls  as  "clumps."  This  is  espe¬ 
cially  true  if  the  dredging  is  done  by  clamshell  and  can  be  true  in  the  case 
of  hydraulically  dredged  material  if  consolidation  takes  place  in  the  hop¬ 
per  during  transit  to  the  disposal  site  or  if  consolidated  clays  are  dredged. 
The  specification  of  a  clump  fraction  is  rather  subjective.  Therefore,  the  in¬ 
ability  to  characterize  the  placed  material  accurately  in  some  placement  op¬ 
erations  prevents  a  quantitative  interpretation  of  model  results  in  those 
operations. 


As  noted,  a  settling  velocity  must  be  prescribed  for  each  solid  fraction. 
A  basic  assumption  is  that  unless  the  fraction  is  specified  as  being 
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cohesive,  in  which  case  the  settling  velocity  is  computed  as  a  function  of 
concentration,  the  settling  is  considered  to  occur  at  a  constant  rate. 

Computations  are  referenced  to  a  horizontal  grid  containing  either  a  con¬ 
stant  or  variable  water  depth  field.  Collapse  on  the  bottom  is  assumed  to 
occur  at  a  single  depth,  although  an  average  bottom  slope  at  the  impact 
point  can  be  specified  as  input  data.  Even  though  the  effect  of  a  bottom 
slope  has  been  incorporated,  a  basic  limitation  still  exists  in  that  the  bot¬ 
tom  can  slope  in  only  one  direction  over  the  collapsed  region;  that  is,  bot¬ 
tom  collapse  on  a  "mound"  where  the  collapsing  cloud  runs  down  the 
sides  is  not  treated.  For  controlled  disposal  operations  in  which  material 
is  disposed  into  bottom  depressions,  collapse  of  the  bottom  cloud  in  a  rec¬ 
tangular  hole  is  assumed. 

A  major  limitation  of  STFATE  is  the  basic  assumption  that  if  solid  par¬ 
ticles  are  deposited  on  the  bottom,  they  remain  there.  Therefore,  the 
model  should  be  applied  only  over  time  frames  in  which  erosion  of  the 
newly  deposited  material  is  insignificant. 

Status  of  Development  of  STFATE 

The  primary  objective  of  Dredging  Research  Program  (DRP)  work  unit 
"Numerical  Simulation  Techniques  for  Evaluation  of  Short-Term  Fate  and 
Stability  of  Dredged  Material  Placed  in  Open  Waters"  is  to  provide  an 
easy-to-use,  accurate,  and  well-verified  PC-based  model  of  dredged  mate¬ 
rial  disposal  operations. 

The  previous  DRP  menu-driven  PC  model  has  been  merged  with  a  ver¬ 
sion  of  the  model  that  resided  within  the  ADDAMS  (Automated  Dredging 
and  Disposal  Alternatives  Management  System).  This  merger  should  elim¬ 
inate  the  confusion  resulting  from  the  existence  of  two  separate  models. 

The  combined  model  has  enhanced  file  management  capabilities  and  a 
user-friendly  graphical  display  of  model  results  that  can  be  applied  to  ei¬ 
ther  a  general  disposal  operation  or  to  regulatory  evaluations  in  which 
water  quality  considerations  are  addressed.  In  these  applications,  if  a  dis¬ 
posal  site  is  not  designated,  the  mixing  zone  required  to  meet  a  water 
quality  standard  is  computed. 

The  input  data  required  to  run  the  model  are  grouped  into  the  follow¬ 
ing  six  menu  categories:  site  description,  ambient  velocity  field,  model  op¬ 
erational  parameters,  dredged  material  description,  disposal  description, 
and  coefficients.  Since  the  PC  version  features  full-screen  editing  of  input 
data  for  each  category  with  descriptors  and  typical  value  ranges,  develop¬ 
ment  of  the  input  data  file  is  a  simple  process. 

Graphical  displays  of  model  results  include  the  following  options: 
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Technical  advances  in  this  updated  version  are  primarily  related  to  the 
regulatory  application  options.  If  a  disposal  site  is  designated,  the  maxi¬ 
mum  concentration  of  the  soluble  fraction  is  compared  to  a  specified  crite¬ 
rion  to  determine  if  water  quality  criteria  have  been  violated.  If  a  dis¬ 
posal  site  is  not  designated,  mixing  zones  are  computed  at  each  time  step 
along  with  a  final  mixing  zone  that  encompasses  ail  of  the  area  within 
which  limiting  permissible  concentrations  were  exceeded  at  some  time  dur¬ 
ing  the  simulation.  Other  advances  are  the  ability  to  simulate  stripping  of 
material  during  both  the  convective  descent  and  the  dynamic  collapse 
phases  and  the  allowance  of  a  spatially  variable  velocity  field. 

Conclusions 


An  easy-to-use  PC-based  numerical  disposal  model,  operating  within 
the  ADDAMS  and  referred  to  as  STFATE,  is  now  available  for  field  use. 
STFATE  also  is  available  as  a  separate  program.  The  PC  version  features 
menu-driven  input  data  entry  with  typical  values  of  variables  displayed 
and  an  enhanced  graphical  display  of  model  results  and  file  management. 
Users  should  be  aware  of  the  limitations  of  the  existing  model.  As  these 
limitations  are  removed  and  the  PC  model  is  improved,  this  technical  note 
will  be  updated. 


References 

Adamec,  S.  A.,  Johnson,  B.  H.,  Teeter,  A.  M.,  and  Trawle,  M.  J.  1987.  “Techni¬ 
cal  Supplement  to  Dredged  Material  Disposal  Study,  U.S.  Navy  Homeport, 
Everett,  Washington,"  Technical  Report  HL-87-12,  U.S.  Army  Engineer  Wa¬ 
terways  Experiment  Station,  Vicksburg,  MS. 

Brandsma,  M.  G.,  and  Divoky,  D.  J.  1976.  "Development  of  Model  for  Predic¬ 
tion  of  Short-Term  Fate  of  Dredged  Material  Discharged  in  the  Estuarine 
Environment,"  Contract  Report  D-76-5,  U.S.  Army  Engineer  Waterways  Ex¬ 
periment  Station,  Vicksburg,  MS. 

Johnson,  B.  H.  1990.  "User's  Guide  for  Models  of  Dredged  Material  Dis¬ 
posed  in  Open  Water,"  Technical  Report  D-90-5,  U.S.  Army  Engineer  Wa¬ 
terways  Experiment  Station,  Vicksburg,  MS. 

Koh,  R.  C.  Y.,  and  Chang,  Y.  C.  1973.  “Mathematical  Model  for  Barged 
Ocean  Disposal  of  Waste,"  Environmental  Protection  Technology  Series 
EPA  660/2-73-029,  U.S.  Environmental  Protection  Agency,  Washington, 

DC 

Trawle,  M.  j.,  and  Johnson,  B.  H.  1986a.  "Alcatraz  Disposal  Site  Investiga¬ 
tion,"  Miscellaneous  Paper  HL-86-1,  U.S.  Army  Engineer  Waterways  Exper¬ 
iment  Station,  Vicksburg,  MS. 

Trawle,  M.  J.,  and  Johnson,  B.  H.  1986b.  "Puget  Sound  Generic  Dredged  Ma¬ 
terial  Disposal  Alternatives,"  Miscellaneous  Paper  HL-86-5,  U.S.  Army  En¬ 
gineer  Waterways  Experiment  Station,  Vicksburg,  MS. 


6 


Technical  Note  DRP-1-02  (July  1993) 


INTERNET  DOCUMENT  INFORMATION  FORM 


A  .  Report  Title:  Numerical  Disposal  Modeling 


B.  DATE  Report  Downloaded  From  the  Internet:  07/06/99 


C.  Report's  Point  of  Contact:  (Name,  Organization,  Address,  Office 
Symbol,  &  Ph  #):  Dredging  Operations  Technical  Support 

Attn:  Dr.  Engler  (601)  634-3624 
3909  Halls  Ferry  Road 
Vicksburg,  MS  39180-6133 


D.  Currently  Applicable  Classification  Level:  Unclassified 

E.  Distribution  Statement  A:  Approved  for  Public  Release 

F.  The  foregoing  information  was  compiled  and  provided  by: 

DTIC-OCA,  Initials: _ VM _ Preparation  Date  07/06/99 


The  foregoing  information  should  exactly  correspond  to  the  Title,  Report  Number,  and  the  Date 
the  accompanying  report  document.  If  there  are  mismatches,  or  other  questions,  contact  the 
above  OCA  Representative  for  resolution. 


